Dual-Polarization, Sideband-Separating, Balanced Receiver for 
1.5 THz 

Development is enabled by recent advances in simulation and microfabrication. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A proposed heterodyne receiver would 
be capable of detecting electromagnetic 
radiation in both of two orthogonal lin- 
ear polarizations, separating sidebands, 
and providing balanced outputs in a fre- 
quency band centered at 1 .5 THz with a 
fractional bandwidth >40 percent. Dual- 
polarization, sideband-separating, and 
balanced-output receivers are well-known 
and have been used extensively at fre- 
quencies up to about 100 GHz; and there 
was an earlier proposal for such a receiver 
for frequencies up to 900 GHz. However, 
the present proposal represents the first 
realistic design concept for such a re- 
ceiver capable of operating above 1 THz. 
The proposed receiver is intended to be a 
prototype of mass-producible receiver 
units, operating at frequencies up to 6 
THz, that would be incorporated into 
highly sensitive heterodyne array instru- 


ments to be used in astronomical spectro- 
scopic and imaging studies. 

The receiver architecture (see Figure 
1) as proposed is based on discrete sin- 
gle-ended mixers and conventional 
waveguides with integrated planar cir- 
cuitry. The receiver would include a fin- 
line orthomode transducer (OMT) fol- 
lowed by six quadrature hybrids on a 
plane (see Figure 2). An incoming 
radio-frequency (RF) signal would enter 
via a horn antenna. An orthomode 
transducer (OMT) would separate the 
incoming RF signal into its two orthogo- 
nal linearly polarized components. One 
of the outputs will go through a wave- 
guide polarization twist and that will en- 
able the subsequent components to have 
the same E-field orientation. Each of 
these polarizations would be fed to a 
first-stage quadrature hybrid. The out- 


puts of each first-stage quadrature hy- 
brid, which would be in phase quadra- 
ture, would be fed along with a local-os- 
cillator (LO) signal to two second-stage 
quadrature hybrids. The combined LO 
and RF signals coming out of the sec- 
ond-stage quadrature hybrids would 
pump two sets of mixers in a balanced 
configuration. The intermediate-fre- 
quency (IF) outputs of the mixers would 
be combined in third-stage quadrature 
hybrids to separate the upper and lower 
sidebands for each polarization. 

The critical components in the 
planned development of the proposed 
receiver would be the OMT, the first- 
and second-stage quadrature hybrids, 
and the polarization twist. Previously, it 
was almost impossible to design, simu- 
late, and fabricate such components 
for operation at terahertz frequencies: 



Figure 1. The 1.5-THz Dual-Polarization, Sideband-Separating Receiver would process an incoming RF signal into an upper- and a lower-sideband output 
for each of two orthogonal polarizations. 
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Figure. 2. A schematic diagram of the One Half of the Split-Block for the broadband 1.5 THz dual-polar- 
ized, sideband-separating, balanced receiver shows the finline OMT, two first-stage and four second-stage 
quadrature hybrids, and the in-phase LO power splitter that will be fabricated using DRIE silicon etching 
process. 


because of the smallness of their fea- 
tures and the tightness of their toler- 
ances, quadrature hybrids and finline 
OMTs for terahertz frequencies cannot 


be fabricated by conventional machin- 
ing. However, recent advances in both 
electromagnetic-field-simulating soft- 
ware and microfabrication techniques 


have made it possible to design and 
construct complexly shaped wave- 
guide structures. The development 
of the proposed receiver is planned 
to include the use of a combination 
of optical lithography and a micro- 
machining process based on deep 
reactive ion etching (DRIE) of sili- 
con. This combination is expected 
to enable the realization of micron- 
size waveguide features and sub-mi- 
cron tolerances in fabricating the 
aforementioned critical compo- 
nents. 

This work was done by Goutam Chat- 
topadhyay, John Ward, Harish 
Manohara, and Peter Siegel of Caltech for 
NASA’s Jet Propulsion Laboratory. 
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©Modular Battery Charge Controller 

Distributed charge control and a masterless communication bus enhance this controller’s 
robustness for use in battery energy-storage applications. 

John H. Glenn Research Center, Cleveland, Ohio 


A new approach to masterless, dis- 
tributed, digital-charge control for bat- 
teries requiring charge control has 
been developed and implemented. 
This approach is required in battery 
chemistries that need cell-level charge 
control for safety and is characterized 
by the use of one controller per cell, 
resulting in redundant sensors for crit- 
ical components, such as voltage, tem- 
perature, and current. The charge 
controllers in a given battery interact 
in a masterless fashion for the purpose 
of cell balancing, charge control, and 
state-of-charge estimation. This makes 
the battery system invariably fault-tol- 
erant. 

The solution to the single-fault fail- 
ure, due to the use of a single charge 
controller (CC), was solved by imple- 
menting one CC per cell and linking 



A prototype of the 28-V, 60-A-h Lithium Ion Bat- 
tery. 


them via an isolated communication 
bus [e.g., controller area network 
(CAN)] in a masterless fashion so that 


the failure of one or more CCs will not 
impact the remaining functional CCs. 
Each microcontroller-based CC digi- 
tizes the cell voltage (F ce ii), two cell 
temperatures, and the voltage across 
the switch (V); the latter variable is 
used in conjunction with F ce n to esti- 
mate the bypass current for a given by- 
pass resistor. Furthermore, CC1 digi- 
tizes the battery current (I\) and 
battery voltage (Vbatt) and CC5 digi- 
tizes a second battery current (If) . As a 
result, redundant readings are taken 
for temperature, battery current, and 
battery voltage through the summa- 
tion of the individual cell voltages 
given that each CC knows the voltage 
of the other cells. 

For the purpose of cell balancing, 
each CC periodically and independently 
transmits its cell voltage and stores the 
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